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RESEARCH MEMORANDUM

THE CAICULATION OF THE PATH COF A JETTISONABLE
NOSE SECTION

By Roscoe H. Goodwin
SUMMARY

A method 1s presented for calculating the path of a jettisonable
nose section at any speed by mesns of successive approximatione (solved
graphically) using static aerodynamic characteristics. A comparison is
made of paths calculsted by thie method with paths determined experi-
mentally at low speeds. In addition, the paths that & fin-stabllized
nose section would follow when Jettisoned by various size rockets are
calculated for two hypothetical subsonic flight conditions. The miminmim
size of rocket for successful Jettisoning is found and it is shown that
a larger size rocket having a shorter duration could also be used.

INTRODPDUCTION

One of the problems confronting designers of high-speed aircraft 1s
safe pilot escape in an emergency. The conventional ball-out procedure
of the past has become more hazerdous as the speed of alrplanes has
increased. TForcible ejection of the pilot in his seat appears to be
adequate up to high subsonic speeds. At higher speeds some form of
ejection capsule will probsbly be necessary for pllot escape and one such
method is to jettison the nose section of the airplane in which the pilot
18 sesated.

The free-flight stability of typical Jettisonable nose sections has
been experimentally determined at both low and high speeds as described
in references 1, 2, and 3. It has been shown in these investigations
that fin stabllization of Jettisonable nose sectlions will prevent theilr
turning away from & nose-first flight attitude and thus will avoid
subjecting the pillot to lasrge sasccelerations. The problem of separating
the nose from the rest of the sirplane has also been considered, and an
experimental study for one design is indicated in reference 3. While
dynamic tests, such as those of reference 3, could be mede on each
proposed design to determine the relstive motions of the nose and the
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rest of the airpliane, they would have tc be made for meny flight con-
ditions and the whole test program repeated for each means of jettlisoning
to be considered. A method of successive approximations has been applied
herein to the problem of calculating the paths of a Jettisonable nose
section at any speed through use of static aerodymamic data. As a check
on this method, comparisons are presented between low-speed experimental
results of reference 3 and calculations made by the subject method for
the ssme conditions and using the low-speed aerodynamic data cof refer-
ence 4. Also, calculations of the path of a fin-stabiliZzed nose section
when Jettisoned by rocket propulsion for two initial subsonic f£light
conditions sre presented.

SYMBOLS

X longitudinal reference axis, coincident at instent of
jettisoning to longitudinal body asxis of airplane (See
fig. 1.) .

p normal reference axis, parallel st instant of Jettisoning to
normal body axis of airplasne (See fig. 1.)

Fx total force parallel to X-axis, pounds

Fy total force parallel to Z-axis, pounds

8y separation of nose section from rest of alrplasne, measured

parellel to X-axis, feet

separation of nose section from rest of airplsne, measured

z parellel to Z-axis, feet
Vx velocity of nose section relstive to rest of sirplane along
X-axis, feet per second
Vo velocity of nose section reletive to rest of airplane along
Z-axls, feet per second
Vp resultant veloclty of airplesme st instant of Jettisoning,
feet per second
Vx component along X-axis of velocity of airplane at instaent of
4 Jettisoning, feet per second
VZP component along Z-sxis of velocity of ailrplane st instant of

Jettisoning, feet per second
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VR resultant airspeed of nose section, feet per second
w angular velocliy of nose in plich, radisns per second
Cy, 1ift coefficient of nose section (L/qS)

Cp drag coefficlent of nose section (D/qS)

CM pitching-moment coefficient of nose section (M/qSZ)
L 1ift of nose section, pounds .

drag of nose section, pounds

M pltching moment of nose section sbout 1ts center of gravity,
foot-pounds
p alr density, slugs per cublc foot
£ acceleration due to gravity, feet per second per second
3] wing area of alrplane, square feet
c mean serodynamic chord of airplane wing, feet
q dynemic pressure, pounds per squesre foot, (%p?ﬁ%
I pitching moment of inertia of nose section about its center
of grevity, slug-feet squared
m mass of nose section, slugs
t time, measured from instant of Jjettisoning, seconds
&t interval of time between consecutive calculated points
thrust of ejection rockets (or pistomns), pounds
1% weight of nose section, pounds
a angle of attack of nose section, degrees
an angle of attack of airplane at instant of Jettisoning, degrees
Y4 flight-path angle of ajrplane at instant of Jettisoning, degrees
e engle between axis of symmetry of nose section and X-axis, degrees

SR
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engle that relative wind on nose mskes with X-ax;s, degrees

angle between thrust line of ejection rockets (or pistons)
and X-axis, degrees

angle between axis of symmetry of nose section and thrust
line of ejection rockets (or pistons), degrees

¥ angle between X-axls and the horizontal, degrees

d dlameter of base of nose section, feet

r radius of base of nose section, feet

l distance between thrust line of rocket and center of gravity,
measured perpendicular to rocket thrust line, feet

Ap .acceleration along backbone of pllot, g units

Fp total force along backbone of pilot, pounds

Subscripts:

X X-axis

Z Z-axis

ho) airplene

P pllot

R resultant

METHOD AND ANALYSIS

DESCRIPTION OF THE METHOD USED

Since the path thet a Jettisoned nose follows reletive to the resat

of the sirplene and the serodynamic forces and moments on the ncse are
interdependent, no direct method can be used for calculating the path.
A method of successive spproximations utilizing graphical integration
has been set up and is described herein.

Since the aerodynamic date in reference LI are plotted sgeinst

separation along the body axes of the sirplane, these sxes are used as
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the reference axes for the derivation of all the equations. Becsuse the
variastion of the aerodynamic characteristice of the airplane with nose
separation is not known, the rest of the alrplene is assumed to hold

its originel course and speed during separation. The error due to this
assumption should be small due to the large inertis of the rest of the
airplane end the small period of time covered by these calculations. The
main effects on the ailrplane of Jjettisoning the nose section should be
an increase in drag snd a rearwerd shift of its center of gravity, both
of which will aid the separatlion so that the present calculations, In
neglecting them, should be conservative.

From figure 1 the totsl force exerted on the nose section parallel
to the X-axis is

Fy =T cos 0 -Wsln ¥ - D cos  + L 8ln xt (1)

the total force parsllel to the Z-sxis 1s

Fz =T s8in o+ Wcos ¥ -D sin x - L cos =« (2)
Lo
and the total pitching moment is ) _ﬂ;“;ﬁ e
T i A 7
Mg -M+TL T (3)

The velocities imparted to the hose section by these forces and
nmoments cen be calculated from the following relations:

VX=%fFth ()
VZ=%fFZdt (5)
w=%fMRdt (6)

These equatlons can eassily be solved by plotting curves of the variations
of Fy, Fy, ahd Mg with time aend integrating grephically. The variation

L
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of displacement with time can be found fram the equations

sy = fvx at (7
57, =fvz at (8)
6 = 57-3fw at. (9)

These equations may be solved by graphical integration of curves of Vy,
Vz, and o against t.

The angle = that the relative wind maekes with the X-axis at any
time is

% = tan-1 (10)
Vx +Vx _ .
where
VXp = Vp cos ap (11)
and
Vzp = Vp sin op (12)

The angle of attack of the nose section at eny time can be found from
the relastion N

a=1mx+96 {13}

From equations (T7), (8), and (13), values of sy, B8y, and a at
various times are known, and Cy, Cp, snd Cy cen be found from aero-

dynemic data for the-nose section under conslderation. Lif%, drag, and
pitching moment may be calculated from the equatioms

- Cn Poyv2
D = Cp 56VR (15)
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where
VR© = {Vx + VXP)E + (VZ + Vz,p)2 (17)

From the following equation o can be found:

Equations (10}, (14), (15), (16), and (18), together with the comstants
of the flight condition under considerstion, provide =11 the gquantities
necessary to solve equatioms (1), (2), and (3).

To sclve a problem using this method, the unknown quantities of
equations (1), (2), and (3) are given sssumed varistions with time,
and Fyx, Fz, and MR are calculated for various values of t. The

foregoling procedure (outlined in equastions (4) to (18)) is followed and
the appliceble results are used in equations (1}, (2}, and (3) as the
next approximation. This whole process is repested until the calculsated
forces snd moments sgree with those of the last approximstion. A ssample
calculation tI1Tustrating the spplication of these equatiorns is presented
in the sppendix.

For the special case of simple release (nc propulsive force)}, the
nose will slide down the front of the fuselage and, assuming negligible
sliding friction, equetions (1) and (2} become

Fy = -Wein ¥ - D cos « +L sin x

Fz,

Wecos §-Deinn -Lcosx

Equation (3) is replasced by the following two alternate equations. The
total moment Mp sabout point B 'is (from fig. 2)

Mg =M + rFy
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And the total moment Mg sbout point C 1is
Mc=M-(r-SZ)FX

For each value of t, the equation for Mp should be solved first.
If Mp 1s positive, the nose will pitch up, and My must be plotted

on the curve of the pitching moment ageinst time. If Mp 1s negative,

the equation for Mg should be solved. If My 1s then positive, the

nose can pitch neither up nor down, and therefore zero should be plotted
on the curve of the pltching moment against time. If Mz is negative,

the nose will pitch downward, and Mg must be plotted on the curve of
the pitching moment sgeinst time. After the nose sectlon clears the
remainder of the airplane, equation (3} applies.

Since the objective in this work is to jettison the nose section
without injuring the pilot, the various paths followed by the Jettisoned
nose section mist be exemined for the accelerations they impose on the
pilot. The critical accelerations are those acting along the backbone
of the pilot and causing him to "blackout” or "redout," depending upon
the sense of the force. The acceleration experienced by the pilot
(fig. 3), if the small component due to acceleration in pitch is neglected,
is

-Fp
Ap = — (19)
where
Fp = éZ cos 8 + Fy sin 6 (20)
Therefore,
Ap - -Fy cos ew- Fy sin 8 (21)

The signs of equation (21) are such that Ap will follow the aeromedical
sign convention; thet is, negetive acceleration 1s acceleration tending
to make blood rush toward the head.
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COMPARTSON WITH EXPERIMENTAL. DATA

In order to check the present method against experimentslly
determined results, the path that the nose fellows during jettisoning
was calculated by using low-speed aerodynamic data from reference 4 for
conditions corresponding to two of the test runs of reference 3. In
these test runs the tunnel airspeed was 125 miles per hour. The nose
was released with and without stabillizing fins from the airplane model
which was at O° angle of attack. The results of these calculations are
compared with the date from reference 3 in figures 4 to 9 as plots of
displacements and accelerations of the full-scale airplane nose section
against time. In general, there is close agreement between the curves.
Since the nose without stabilizing fins attached turned away from a nose-
first sttitude after leaving the fuselage (reference 3), 1t was impossible
to calculate the rest of the path inasmuch as the dasta of reference 4
are only for engles of attack of O° and 5°. When deta ere available for
higher angles of attack, the present method cen be spplied teo an unfinned
nose 1f the dynemic derivetives are consldered negligible.

The major discrepencies between the calculated and experimenteal
curves are in the time scaleas. It is felt that these discrepancies could
be attributed to the fact that zero time was originally established in
reference 3 as the time of the motion-plcture frame preceding that in
which movement of the nose was first detected, and, since the initiel
velocity of the nose section is small, it is quite possible that movement
during the first 0.05 second (the full-scele time between frames) could
have passed unnoticed on the film. In trensferring the vertical-
acceleration curves from reference 3, the signs were changed, inasmich
as the seromedical sign convention, which was used In reference 3, is
based on the reaction of the bleood in the body.

THE PATH OF A ROCKET-JETTISONED NOSE SECTION
Conditions
The path that the nose section of reference L, with stebilizing
fins attached, would tske if Jjettisoned from an airplane by means of

rocket propulsion has been calculated for four different emounts of
rocket thrust. For the two largest rockets, the effect on the path of
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shortening the duration of thrust was calculated, and for the smallest
rocket, the effectof a lower initisl velocity of the asirplene was
calculated. For all the calculations, the following constants were
assumed :

p = 0.001496 slug per cubic foot (15,000-ft altitude)

s 175 square feet

Vﬁ = 800 feet per second

Vp (alternate) = TOO feet per second

€ = T7.27 feet

d = b .4 feet

W = 815 pounds

m = 25.3 slugs

I = 90.5 slug-feet squared
ap = 2°

y = -5°

g = 26°

At = 0.02 second

The distance 1 was selected in each case to keep the nose section within
the range of angle of attack of reference 4 throughout the computations,
and its magnitude is indiceted in the figures presenting the various paths.

Regults and Discussion

The paths of the fin-stabilized nose section, Jettisoned at 800 feet
per second, with various rocket thrusts are presented in figure 10. For
these calculations, the rockets were assumed to have a duration sufficient
to cerry the nose sectlon out of the ares for which the aerodynamic
characteristics are known. The accelerations along the pilot's backbone
for each of these paths sre shown in figure 11. Whereas a rocket having
a 2800-pound thrust, which lasts until the nose section is below the
mailn fuselsge, would seem to be the minimum size to emsure continued
separation as shown in figure 10, another spproach to the problem would
be to use a more powerful rocket of shorter duration. The meost powerful

SuEmg
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rocket used for the paths shown in figure 10 (4300-pound thrust) was
assumed to have durations of 0.16 second and 0.20 second and the resulting
paths were calculated. These paths ere presented in Ffigure 12 along with
the original path for this rocket assuming a duration of 0.30 second,

and the asccelerations on the pilot are shown in figure 13. The next

most powerful rocket (3600-pound thrust) was assumed to have & duration

of 0.20 second and the path of the nose section using this rocket was
calculated. This path and the accelerations it Imposes on the piloct

are shown in figures 1k and 15, respectively, with the results of an
assumed duration of 0.32 second repeated for comparison. Use of a large
rocket of short durstion is shown to be posslble, but, unless the duration
can be very accurately controlled, it would not seem advisable inasmch

as a change of 0.0k second can spell the difference between collision

of the nose section and the rest of the airplene or clearance by a wide
margin (fig. 12). Finally, the effect of reducing the initial velocity

on the path of the nose section using the 2800-pound rocket was calcu-
lated. The paths for 800 feet per second and 70O feet per second are
compared in figure 16 and the accelerations, Iin figure 17.

In order to evaluate the paths shown in figures 10, 12, 1k, and 16,
it 18 necessary to know what value sy must have to prevent collision
of the noge section with the rest of the airplane when sy again
becomes zeroc. Two front-view drawings are presented in figure 18 and
show the minimim vertical displacement (sZ) necessary to prevent
collision of the nose and the rest of the airplsne. Placing the fins
in the U45° plenes (fig. 18) would reduce the value of sy regquired for
successful jettisoning, and, since the investigation of reference L
found negligible difference between the aerodynamic cheracterilstics of
the nose for the alternate fin locations, it would not change the path
followed by the nose section.

If the time interval chosen in applying the present method is small
enough, the faired curves of force, moment, and velocity will represent
the actual variations with time snd the true path of the nose section
under consideration will be found. In order to check on the time interval
of 0.02 second chosen for the present calculations, the path of the nose
section Jettisoned with the 2800-pound rocket was alsc calculated by use
of a time interval of 0.0l second. The results of these calculations are
inclnded in figure 16 (only odd-numbered time intervals are plotted),
and the close agreement of the two paths would seem to indicate that a
time intervel of 0.02 second is sufficiently small for the conditions
calculated in this paper.
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CONCLUDING REMARKS

A method has been ocutlined whereby the path of a jettisonable nose
section at any speed may be calculated from the instant of its release,
assuming that its statlic aserodynamic characteristics be known. The
effects of different Jettisoning forces on the path of a typical fin-
stabilized nose section have been shown for one set of initlal subsonic
conditions, and the change in peth due to reducing the intitial velocity
for one case has s8lso been shown. The minimim practicable Jjettisoning
force for the given set of conditions was found, end it was shown that
a larger force acting for & shorter time would be satisfactory although
the duration would be quite critical.

Langley Aeronautical Laboratory
Nationel Advisory Committee for Aeronsutics
Langley Air Force Base, Va.
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APPENDIZX
SAMPLE CALCULATION

The application of the subject method consists of meking an assump-
tion of the veriation of force and moment with time for a short period
and then working through the necessary calculations. The resulting
calculated values of Fy, Fy, and MR are plotted against time and the

curves sre extended by further assumptions. The calculetions are again
carried ocut for values of % beyond that value at which the assumed
and calculated curves do no longer colncide.

As & numerical example, the formulas are solved for the 2800-pound
rocket thrust at t = 0.18 second. The numbers in perentheses after
each formula refer to the number of that formula in the text of the
report with the letter "a" to denote sppendix.

The values of Fy, Fy, and Mg at t = 0.18 second are assumed

to be -530 pounds, 4300 pounds, and 1500 foot-pounds, respectively, and
are plotted on thelr respective curves. Grephical integration of the
curves ylelds

t=0.18

— l —
Vx = 583 oo Fx dt = 4.4k fps (ka)
1 £=0.18
VZ = m-b/Tt:O FZ dt = 17.73 fpS . (58.)
£=0,18
W = —EL—JF Mg dt = -0.44) radian/sec (6a)
a0. £=0
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These values, along with the others for this spproximation, are plotted
on veloclty-time curves and the curves are falred. Graphical integrations
of these curves determine Sy, Sz, and 6 as:

+=0.18
Sy =u/‘ Vg dt = 0.57 £t (Ta)
t=0
t+=0.18
Sy, =k/n Vz dt =-1.21 ft (8a)
t=0
£=0.18
6 =5.73 @ dt = -6.540 = -6° 32° - (9a)
t=0
Then
Vz+v
_ -1 -1 17.73 + 27.9 _ -1 = '
= tan T pr = tan™* T rgog~ = tan 0.0567 = 3° 15 (10s)
and
@ =w+6 =30 15" - 6° 32! = -3° 17! (13a)

In order to use the data of reference %, the separstions must be expressed
in terms of diameters as

5y  0.57
= = IfT = 0.130
Sz 1.21
T -~ = 0ED
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With the separstions and the angle of attack known, the aerodynemic
coefficlents are found from reference 4 to be

Cp, = -0.02h
Cp = 0.037
Cy = 0.0035

The resultant veloclty of the nose section is
Vg2 = (VX + VXP)E + (vz + vzp)2 = (4.kh + 800)2 +
(17.73 + 27.9)2 = 649 (103)(fps)® (17a)

The 1ift, drag, and pitching moment are

L = cf, £5v2 = -0.0242:002496, 75(649)103 = 2039 1b (14a)
D = Cp Ssvg?2 = 0.03792—00—;‘-9—6175( 649)103 = 3143 1b (152)
M = Cy 253Vg2 = 0.00352: 0004901 75(7,27)6u9(103) = 2162 £t-1b (16e)

The angle between the rocket thrust line apd the X-axis is:
o=@ -6 =260 - (-6° 321) = 32° 32 (18a)
Now TFx, Fg, and Mp cen be found as follows:

Fx =T cos o - Wsin ¥ - D cos « + L sin = = 2800(0.8431) - 815

(-0.05234) - 3143(0.998Lk) + (-2039)0.0567 = -850 1b (1a)

e
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Fz =T sin 0 + Wcos ¥ - D sin x - L cos n = 2800(0.5378) + 815

(0.9986) - 3143(0.0567) - (-2039)0.998% = L1TT 1b (2a)
Mg =M+ Tl = 2162 + 2800(-0.20) = 1602 ft-1b (3a)

These calculated values of Fy, Fgz, and MR replace the original

agsumptions and Vy, Vy, and W are again calculated, and the results
are

1 £=0.18
VX = a3 oot Fy dt = %.33 fps (4a)
; [t=0.18 .
Vz = 553 oo Fy dt = 17.68 fps (5a)
£=0.18
w =._£__JF MR dt = -0.432 radian/sec (6a)
90.5J t-0

The displacements represented by these velocities are

t+=0.18
S =U/‘ Vx dt = 0.57 ft- (7a)
=0
t=0.18
Sz, =JF Vz dt = 1.21 £t (8a)
=0
+=0.18
8 = 57.3 wdt = -6.54° = _6° 32° (9a)
t=0

These values agree with those of the last approximation and thus nothing
can be geined by further calculations at t = 0.18 second.
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Figure 1.~ General sketch of the nose section after jettigoning, showing
the positive velues of the forces, moments, distances, and angles
necessary for the calculation of its path.
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Figure 2.- Sketch showing the lnformetion necessary for the determination
of the pitching moment of the nose sectlon when no.propulsive force
is applied. (FX as shown on the fig. is a negative qua.ntity.)
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Flgure 3.- Sketch showing the informstlon necessary for the determination
of the component of acceleration perallel ta the backbone of the pllot.
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Figure k.- Comparison of calculated and experimental variations of
vertical displacement with time. Stebllizing fins attached to the
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vertical displecement with time. No stabilizing fins on the nose
section.
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Figure 10.- Paths of the nose section Jjettisoned by a rocket assuming
four different rocket thrusts. Vp = 800 feet per second.
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Figure 12.- Paths of the nose section Jettisoned by & 4300-pound rocket

thrust, assuming three different durations of rocket thrust.
1 = -0.05 foot; V = 800 feet per second.
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Figure 13.- Accelerations experienced by & pllot within a nose section
Jettisoned by a 4300-pound rocket thrust, assuming three different

durations of rocket thrust: 1 = -0.05 foot; Vp = 800 feet per second.
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Figure 15.-~ Accelerations experienced by a pilot within a nose section
jettisoned by a 3600-pound rocket thrust, assuming two different
durations of rocket thrust. 1 = -0.10 foot; V, = 800 feet per second.
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Figure 17.~ Accelerations experienced by a pilot within a nose section
Jettisoned by a 2800-pound rocket thrust, assuming two different
initial velocities. 1 = ~0.20 foot.
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